Abstract
Introduction
In South Africa agriculture is a broad sector which comprises and involves fishery, forestry, livestock and crop production as well the processing and marketing of that agricultural output. It plays a crucial role in the development process and well-being of humanity and it is classified a strategic sector of the economy. The primary agriculture sector contributes 3% to the Gross Domestic Product (GDP) of South Africa and employs 7% in formal employment (South African Government Information, 2012) . Furthermore agriculture has strong linkages in the economy so that the agro-industrial sector contributes 12% to GDP (South African Government Information, 2012) . Kargbo (2007) asserts that 48% of agricultural sector spending is on buying farm inputs whilst 66-71% of agricultural output is used as intermediate inputs in the industrial sector. These statistics are clear testimony to the fact that the role agriculture plays in the South African economy can never be over-emphasised. Agriculture not only has various interrelationships with other sectors of the economy but more importantly it shares a distinct relationship with the monetary sector of the economy. Due to its nation building characteristics, as well as backward and forward linkages agriculture continues to be a target of government policies over time. Monetary policy conduct influences agricultural sector activities therefore a clear understanding of monetary policy practice in South Africa is crucial in order to link it with agriculture.
Monetary policy is the starting point of monetary policy transmission mechanism (Monetary Policy Committee, 1999) . Although there are arguments that the interest rate is market determined in actual sense it is influenced by the Central Bank through the Monetary Policy Committee (MPC). There are meetings at given intervals where the MPC meets to decide the fate of interest rates and this is where a decision on the repo rate is made. The excess units meet deficit units in the money market through a financial intermediary and they exchange short term financial claims and assets. Farmers, agro-processors as well as other agricultural sector stakeholders are participants in the money market since farming as any other business requires funding.
Farm sector agents participate in the money market when they borrow money to secure machinery, inputs and working capital. Department of Agriculture Forestry and Fisheries (2010) states that farm debt has been on the increase since a farmer will borrow to finance acquisition of a machine regardless of how low or high interest rates are. Nevertheless monetary conditions would have a lot do with the availability of credit which ultimately influences agricultural sector performance. Therefore the SARB is at the centre of influencing money market rates through the repo rate. The SARB regards its main objective in the South African economy as the achievement and maintenance of price stability in the interest of balanced as well as sustainable economic growth (SARB, 2012) . These goals are pursued through some conventional instruments which are at the disposal of the Central Bank namely interest rates, open market operations, reserve requirements, moral suasion, lending, direct credit control and prudential guidelines. The SARB strives to modify economic behaviour in ways that will help to achieve their ultimate objectives. Muroyiwa (2011) asserts that when economic agents borrow it is largely because they want to finance acquisition of an asset. Borrowing may be to finance the purchase of a house, car, combine harvester, an industrial machine, plant and equipment. The essence of this argument is that borrowing finances productive activity. Productivity in the farm sector and non-farm sector is attributed to growth over time in credit extended. Farmers' incentive to produce is related to ability to successfully market and sell their produce. Growth in credit extension is linked to growth in demand for goods and services. The growth of credit extension is also the growth in M3 that is money supply. Growth in money supply is not inflationary as long as the growth in money is attached to growth of national output. The increased demand leads to multiplication in productive activities to satisfy the demand. When aggregate demand increases firms do well, farmers prosper as their income increases; profits of companies soar. Investors are always on the lookout for companies that are performing well. Performance is measured according to the profitability of the company. If a company is doing well in the market investors would jostle for its shares. Investors stampede for shares of blue chip companies; this just as well increases the price of the share due to demand and supply dynamics.
An attempt here is made to investigate and report on the impact of monetary policy shocks on interest rates, stock prices, inflation, exchange rates and money market rates. The impact of the monetary policy shock eventually find its way into the agricultural sector. The primary objective of this study therefore is to examine the linkages between monetary policy, stock prices, macroeconomy and the agricultural sector. The rest of the paper is organised as follows Section 2 presents the overview of monetary policy practice in South Africa, Section 3 discusses the theoretical and empirical literature on monetary policy and agricultural sector, Section 4 discusses the VECM model (data and econometric methodology) used in this study; Section 5 presents the empirical results and the main findings of the study while the conclusions and policy inferences are discussed in Section 6.
Overview of Monetary Policy Practice In South Africa
The South African monetary policy has been conducted under three broad monetary regimes in the past five decades which are the liquid asset ratio-based system, cash reserves based system and flexible money supply targeting (Aron and Muellbauer, 2007) . Monetary authorities utilised the liquid asset ratio-based system in the 1960's with quantitative controls on interest rates and credit. This policy was in use only until the early 1980's when a range of monetary policy reforms were enacted towards a cash reserves based system as a result of recommendations made by the de Cock Commission Reports of 1978. Cash reserve based system was adopted thereafter. Gidlow (1995) claims that the cash reserve based system was in full operation by mid-1985 subsequent to technical changes on asset requirements and a redefinition of the role of the discount rate.
Money supply targeting emphasised the role of the central bank discount rate in influencing market interest rates. The usefulness of monetary targeting was diminished by the extensive financial liberalisation beginning in the 1980's (Aron and Muellbauer, 2007) . It became increasingly difficult to set and meet the monetary targets due to a more open capital account from 1995 (Aron and Muellbauer, 2007) . Money supply targeting was replaced by money supply guidelines in 1990. In February of 2000 inflation targeting was formally introduced in South Africa. Until after the adoption of the inflation targeting the only revision on the focus of monetary policy was monetary targets were supplemented by an eclectic set of indicators including exchange rates, asset prices, wage settlements and the balance of payments (Aron and Muellbauer, 2007) . Monetary regulators formally adopted the inflation targeting policy on 6 April 2000.
In order to meet the objectives of this study the interest rate channel of monetary policy will be utilised. Much has been documented in financial and monetary economics literature about the interest rate channel of monetary policy (Mishkin,2007) . It is the most popular instrument for central banks, nevertheless isolation of this monetary policy transmission mechanism tool is not meant to supersede it over other monetary policy transmission mechanisms. The level of money supply is influenced by interest rates and determines the credit extension in the economy. Money market rates are a barometer for the affinity of financial institutions in extending credit. Expansionary monetary policy increases the level of credit extension in the economy while contractionary monetary policy reduces credit extension. Nevertheless the role of credit extension in most economies has been largely underemphasised yet credit extension is a driver of economic activity. Purcell (1983) qualifies this statement asserting that it is the role of government to provide a sound credit system to foster economic development. He further states that credit is essential to advancing productivity in primary agriculture and post farm sectors.
Theoretical and Empirical Literature
A broad sum of literature has attempted to discuss the linkages between agriculture and monetary policy with an enormous body of knowledge on the subject mainly found in the United States. Early contributions are attributed to (Schuh, 1974; Shei, 1978; Tweten, 1980; Barnett et al, 1981; Chambers and Just, 1982; Starleaf, 1982; Bessler, 1984; Chambers, 1984; Devadoss et al, 1985; Orden, 1986; Barbhart, 1989; Orden and Fackler, 1989) . These researchers focused on the impact of monetary policies on the aggregate farm sector variables as well as the impact of macroeconomic factors on the agricultural sector. Their findings provide sufficient evidence of significant linkages between monetary policy and farm sector; as well agricultural sector and macroeconomic variables. It is concluded that an expansionary monetary policy favours the agricultural sector, which results in an increase in agricultural output prices, exports and incomes. In a practical sense changes in macroeconomic variables result in changes in farm output prices, exports and income. The central bank has tools such as the repo rate (interest rate) to influence changes in macroeconomic variables.
Most of the related studies done in South Africa have used annual data as well as different set of methodologies. Dushmanitch and Darroch (1990) used annual data from (1967 -87) to estimate equations representing livestock, field crop, horticultural and manufacturing sectors, as well as the foreign exchange and money markets. They utilised a general equilibrium simultaneous equation model to analyse the impact of monetary policy on agriculture. The results of their study highlight that monetary policy has a significant impact on South African agriculture. Kargbo (2007) arrives at a similar conclusion using a vector error correction model and utilising annual data in order to investigate the dynamic effects of money supply, exchange rates and other macroeconomic variables on the agricultural sector in South Africa.
Distinct from other studies reviewed for South Africa (Asfaha and Jooste, 2007) use monthly series data to investigate the effect of monetary changes on relative agricultural prices. However similar to Kargbo (2007) , Asfaha and Jooste (2007) use the Johansen approach for cointegration and vector error correction model to investigate the short run and long run effects of monetary changes on relative agricultural prices. Their findings confirm a long run relationship between South African agricultural and industrial prices, the money supply and exchange rate. They conclude that the agricultural sector is affected by changes in macroeconomic variables. The central government has in hand two tools to influence economic activity (fiscal and monetary policy), although most of the changes in the economy are transmitted through monetary policy.
Interest rates are the major policy instrument for most central banks including the South Africa Reserve Bank. Earlier studies on the relationship between interest rates and the farm sector postulate that expansionary monetary policy is favourable for agricultural sector productivity (Starleaf, 1982 , Devadoss et al, 1985 . Lower interests relax borrowing conditions which is an incentive for farmers to secure loans and increase their productivity. Contractionary monetary policy has an opposite effect though it reduces money supply and tames the rate of inflation. Changes in monetary policy will feed into the livestock supply, crop supply, stock demand, input supply and demand decisions.
Methodology
Annual data from 1970-2011 is utilised to estimate a Vector Error Correction model (VECM). The VECM is employed to MCSER Publishing, Rome-Italy Preliminarily, data is tested for unit root problem using the Augmented Dickey Fuller and Phillips-Perron tests. According to Newbold and Granger (1974) the effects of non stationarity includes spurious regression, high R 2 and low Durbin-Watson (dw) statistic. This therefore, prompted the need to test for stationarity or otherwise of the time series. The Johansen cointegration analysis is used to test for cointegration. The maximum eigenvalue and trace statistics were generated to determine the number of cointegration vectors in the model. Impulse response analysis is used to trace out the responsiveness of the dependent variable in the VAR to shocks to each of the other variables. Variance decomposition analysis as according to (Brooks, 2008) was employed to provide the proportion of movements in the dependent variables that are due to its own shocks, against shocks to other variables.
Specification of the Model
The main aim of the study is to examine the impact of monetary policy on agricultural output in South Africa. In order to achieve this, the study benefits a lot from the work of (Okidim and Albert, 2012). The study shall adopt and modify the (Okidim and Albert, 2012) model of the analysis of the effects of monetary and fiscal policy indicators on agricultural output (Cereal) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) . Their model was formally specified as below:
…………………………………………………..….1 Where: Y= Agricultural Output (Cereal); = Inflation; = Budget Allocation; = Savings; = Monetary Supply; = Interest Rates and = Error Term.
For the purposes of this study the Budget allocation, Savings and Monetary supply from the above model were replaced by Manufacturing index, Real effective exchange rate and Share index. In natural logarithms form our model takes the form:
…… .2 Where: AGRGDP is the Agricultural Gross Domestic Product; CPI is the Consumer Price Index (Inflation); MI is the Manufacturing Index; MMR is the Money Market Rate; NEER is the Nominal Effective Exchange Rates and SIIC represents Johannesburg All Share Index.
Main Findings
To avoid spurious results and "nonsensical" regression the study undertakes a stationarity test using the Augmented Dickey Fuller (ADF) and the Phillip Peron (PP) test. The results are given in Table 1 The results show that all variables are stationary at 5% and we are able to adopt a dynamic time series model. Literature offers various lag length selection criterias utilised to obtain optimal lag length. Table 2 below shows that both the SIC and AIC selected 1 and 3 lags respectively for the VAR. The information criteria approach has therefore produced incompatible results and no conclusion can be arrived at, using these approaches only. Therefore the lag length for the VAR chosen is informed by LR and HQ criteria which suggest a more optimal lag length, therefore the study uses a lag structure of 2. We performed a co-integration analysis to check for any long run relationship among the variables of interest. We adopted both the Trace test and the Maximum Eigen Value test to test for any long run association. The results from these tests are shown below as Table 3 and 4. The Trace test suggests that there are at most 4 cointegrating equations with a long run association at 5% confidence interval. The maximum eigenvalue test suggested that there are at most 2 cointegration equations in the model at 5% confidence interval as revealed by table 4 below. The VECM model allows the model to capture both the long run and the short run dynamics in the model. The long run results and equation of the model are given below as Table 5 . The model suggests that in the long run, CPI, MI and SIIC have a negative impact on Agricultural GDP (AGRGDP) while both NEER and MMR have a positive relationship with AGRGDP. A change in CPI has more impact on Agricultural GDP (AGRGDP) than any other determinant in the model. The results suggest that a unit change in CPI results in a 0.621 percentage point decrease in the Agricultural GDP, this could have been caused by the fact that as the AGRGDP is more responsive to a change in the CPI and inflationary pressures. A unit change in the manufacturing index and the stock market results in a decrease in AGRGDP by approximately 0.484 and 0.076 percentage points respectively. A stronger rand exchange rate coupled with a higher money market rate results in a positive increase in the agricultural GDP in the long run.
In the long run a persistent deterioration in the CPI has the major impact on agricultural GDP since the decline in the price level will render agribusiness unsustainable. In addition to the long run results, table 6 below shows the short run dynamics. The short run model shows that only AGRGDP, MI and SIIC tend to have any statistical significance to the AGRGDP. The results have shown that agricultural GDP affect itself negatively in the second lag suggesting that policies targeting the AGRGDP will have a negative effect in the short run. Therefore SARB is discouraged from adapting policies directly targeted on the agricultural sector in the short run as this hurts the sector. However, MI and SIIC have a positive effect on AGRGDP in the short run suggesting that a manipulation of the money market rate and stock market tend to cause a positive effect on AGRGDP in the short run. Moreover policies that affect the stock market is from previous two years. We then conducted some diagnostic checks to check for some fundamental aspects of the model in terms of stability, normality and any signs of autocorrelation as these could result in some detrimental effects on the model and compromise the efficiency of the model itself. Table 7 below shows some of the diagnostics checked in the model for this paper. The diagnostic results show that the null hypothesis is rejected for all tests thereby concluding that there is no serial correlation and no heteroscadasticity. We can safely conclude that the above results show that the data is normally distributed. Impulse response and a variance decomposition are also conducted to check how the model accommodates any shocks or deviation from the exogenous variables. Figure 1 given in the Appendix shows the impulse response of AGRGDP to its determinants, the results show that the model responds well to all shocks with exception of CPI which seems to divert away from the shock. Table 8 shows the variance decomposition for 10 years and the results have shown that all shocks in the first year can be explained by itself and in the 6 th year only approximately 68% of the shocks are explained by AGRGDP while MMR, MI and SIIC explain in total 27 % with MMR explaining more of these shocks . 
Conclusions and Policy Inferences
The primary objective of this study was to examine the linkages between monetary policy, stock prices, macroeconomy and the agricultural sector. This study empirically investigated the impact of the monetary policy actions on influencing the Agricultural sector outcomes using annual South African data from 1970-2011. The study utilised the Vector Error Correction Model (VECM) to explore this relationship. The results of the study given in the preceding section have shown that CPI, NEER and MR have the most impact on the agricultural sector therefore determining the Agricultural sector GDP. We can conclude that the South African Reserve Bank (SARB) should exercise extreme caution when it seeks to influence the direction of the interest rates on the money market in the short run as this could result disastrous effect on the agricultural sector. However the increase of interest rates in the long run leads to low CPI which in turn affect the Agricultural GDP favourably. Given the enormous evidence of interdependence between monetary policy, macroeconomic variables, stock market and agriculture sector as concluded from this study, Asfaha and Jooste (2007) recommend that agricultural policy makers and monetary policy makers work closely together in designing and implementing monetary policy in South Africa. This paper reaches a similar conclusion stating that what happens in the agricultural sector has a lot to do with monetary policy conditions as well as macroeconomic environment. The changes made by monetary authorities find their way into the agricultural sector. The interest rate channel of monetary policy transmission mechanism affects borrowing conditions and various macroeconomic factors which ultimately affect the farm sector. Central Bank is recommended to periodically influence outcomes in the agricultural sector through easier monetary conditions. However SARB should not consider direct intervention into the agricultural sector as this will result in diversion from their primary goal of achieving price stability resulting in price instability worsening agricultural conditions. Response of LNAGRGDP to LNAGRGDP Response of LNSIIC to LNAGRGDP Response of MMR to LNAGRGDP Response to Cholesky One S.D. Innovations
